Abstract. Depression is a major reason for interferon (IFN) therapy cessation. IFN-free direct-acting antiviral (DAA) therapy for depression is not well-documented. Thus, four different IFN-free regimens were assessed in genotype-1 hepatitis C virus (HCV) patients with depression. Overall, 287 HCV genotype-1 patients who received combination therapies with IFN-free DAAs of daclatasvir/asunaprevir (DCV/ASV) (n=84), sofosbuvir/ledipasvir (SOF/LDV) (n=95), ombitasvir/paritaprevir/ritonavir (OBV/PTV/r) (n=74), and elbasvir/grazoprevir (EBR/GZR) (n=34) were included. Treatment-induced depression as a complication of HCV therapy in IFN-free DAA regimens was assessed. The severity of depression was evaluated using the Beck Depression Inventory-II (BDI-II) questionnaire. It was demonstrated that all four DAA regimens achieved similar high efficacy in Japanese patients with HCV genotype-1 infection. Moreover, in seven patients with depression who received the 24-week DCV/ASV treatment regimen, the BDI-II scores significantly increased at week 4 as compared with pretreatment values; furthermore, they decreased below baseline at week 12 despite the rapid decline of serum HCV levels after the initiation of DCV/ASV therapy. The BDI-II scores gradually decreased during therapy in the remaining 77 DCV/ASV-treated patients without depression. The BDI-II scores showed a significant decrease from baseline to the end of treatment with 12-week regimens, including SOF/LDV and EBR/GZR. The 12-week DAA regimen of SOF/LDV and EBR/GZR can be safely used with high efficacy in patients with genotype-1 HCV infection, including those with depression.
Introduction
Chronic hepatitis C virus (HCV) infection is a common cause of liver cirrhosis and hepatocellular carcinoma (HCC) (1, 2) . HCC is the third leading cause of cancer-related death in Japan, and the annual risk of developing HCC among HCV-infected patients with compensated cirrhosis is reportedly 1.8-8.3% (3) . The goal of anti-HCV therapy is to successfully eradicate HCV to resolve liver disease. Currently, interferon (IFN)-based therapies, usually in combination with ribavirin (RBV), are commonly used to eradicate HCV infection, but this combination therapy causes severe adverse effects, such as hematological toxicity and depression (4-7); therefore, direct-acting antiviral (DAA) agents are increasingly used for the treatment of HCV infection (8) . To date, the effects of IFN-free DAA therapy on depressive symptoms has not been well-documented. Therefore, the aims of the present study were to evaluate the efficacy and tolerability of various IFN-free treatment regimens in Japanese patients with HCV genotype-1 infection and to evaluate the severity of depression symptoms using the Beck Depression Inventory-II (BDI-II) questionnaire (9, 10) .
Materials and methods
Patients. The study cohort consisted of 287 consecutive patients with HCV genotype-1 infection who were Efficacy and tolerability of interferon-free regimen for patients with genotype-1 HCV infection treated at Nara Medical University Hospital (Kashihara, Japan) from November 2013 to July 2015. The remaining 287 patients included 84 who were treated for 24 weeks with daclatasvir/asunaprevir (DCV/ASV; Bristol-Myers Squibb, Princeton, NJ, USA), 95 treated for 12 weeks with sofosbuvir/ledipasvir (SOF/LDV; Gilead Sciences, Inc., Foster City, CA, USA), 74 treated for 12 weeks with ombitasvir/paritaprevir/ritonavir (OBV/PTV/r; AbbVie Inc., North Chicago, IL, USA), and 34 treated for 12 weeks with elbasvir/grazoprevir (EBV/GZR; MSD, Tokyo, Japan) (Fig. 1) . The presence of NS5A resistance-associated substitutions (RASs), which decrease the sustained the sustained virological response (SVR) rate (11, 12) , was assessed in all patients receiving DAAs prior to the start of therapy by direct sequencing (13) . Exclusion criteria were coinfection with another virus, pregnancy, history of clinical hepatic decompensation, or the use of immunosuppressants. The study protocol was approved by the Ethics Committee of Nara Medical University Hospital and conducted in accordance with the tenets of the Tokyo revision of the Declaration of Helsinki (1975).
BDI-II questionnaire. All patients enrolled in the study also completed the BDI-II, which is a 21-question, self-reported, screening instrument used to assess characteristic attitudes and symptoms of depression. Each item is assigned a score of 0-3, with 3 indicating the most severe symptoms. A cumulative score is determined by adding the scores of the individual items. BDI-II scores were determined using the guidelines set forth in the BDI-II manual (14, 15) . In general, a score of <9 indicates no or minimal depression, that of 10-18 indicates mild-to-moderate depression, that of 19-29 indicates moderate-to-severe depression, and that of >30 indicates severe depression. The clustering of depressive symptoms was further examined using specific, somatic, and cognitive-affective symptom dimensions described by Beck et al (16) .
Statistical analysis. BDI-II subscale scores were evaluated using one-way analysis of variance followed by the Bonferroni multiple-comparison test. Bivariate analyses of nominal parameters were performed using the chi-squared test. A paired t-test was used to evaluate changes in body mass index (BMI). Statistical analyses were performed using GraphPad Prism version 6.04 software (GraphPad Software, Inc., La Jolla, CA, USA). All tests were two-tailed and a probability P<0.05 was considered to indicate a statistically significant difference.
Results

Baseline characteristics of patients treated with IFN-free
DAAs. Overall, 287 patients were enrolled in this study (Table I ). The study cohort comprised 61.0% female patients, 81.5% patients with chronic hepatitis, 98.3% with HCV genotype 1b, and 38.3% who received previous IFN therapy, and the mean age was 66.3±23.2 years. NS5A RASs were identified in 18.4% patients. The baseline characteristics of seven patients with depression who received the 24-week DCV/ASV treatment regimen are summarized in Table II . Among the seven patients, six (85.7%) had chronic hepatitis, six (85.7%) had HCV genotype 1b, none had RASs, and six (85.7%) were female. Among the four treatment groups, the percentage of non-responders to IFN was greatest among patients treated with ASV/DCV (P<0.01). Patients with impaired renal function were more commonly treated with EBV/GZR (23.5%, 8/34) than OBT/PTV/r (11%, 9/74), SOF/LDV (0%, 0), or DCV/ASV (0%, 0) (P<0.01). There were no statistical differences between the depression rates between the four groups. Fig. 2 shows the percentages of patients in the four groups who achieved viral suppression based on the duration after the start of therapy, while treatment Change in depressive symptoms in patients treated with IFN-free DAA therapies. In seven patients with depression who received a 24-week DCV/ASV treatment regimen, the BDI-II scores had increased at week 4, as compared to baseline and at week 12 ( Fig. 3) in spite of the rapid decline of serum HCV levels after intiation of DCV/ASV therapy (Fig. 4) . The patients treated with DCV/ASV, OBT/PTV/r, SOF/LDV, and EBR/GZR were divided according to their median BDI-II scores at baseline into BDI-II relatively high group and BDI-II relatively low group to examine the effects of DAA therapies on BDI-II scores (Fig. 5) . The BDI-II scores had decreased, but not significantly, at weeks 4 and 12, as compared to pretreatment values among patients treated with DCV/ASV in both BDI-II relatively high and low groups ( Fig. 5A and B) . BDI-II scores declined significantly from baseline to week 12 among patients treated with SOF/LDV and EBR/GZR in both BDI-II relatively high and low groups and OBT/PTV/r in BDI-II relatively high group (Fig. 5C-G) . However, BDI-II scores had decreased significantly from baseline to week 4, but not week 12, in BDI-II relatively low group (Fig. 5H) .
Viral suppression after initiation of IFN-free therapy, end of treatment response, and SVR.
Change in psychotropic medication use in patients treated with IFN-free DAAs.
Among the seven patients with depression treated with DCV/ASV, one (14.3%) received selective serotonin reuptake inhibitors (SSRI), five (71.4%) received antipsychotic medication, one (14.3%) received benzodiazepine, two (28.6%) received tricyclic or tetracyclic antidepressants, and two (28.6%) received no treatment (Table II) . There was no difference in psychotropic medication use before and after DAA therapy (Table I) .
Change in BMI in patients treated with IFN-free DAAs.
There was no significant change in the BMI in patients after DAA therapy (Fig. 6 ).
Discussion
The results of the present study clearly show that various 12-week IFN-free treatment regimens were highly effective and tolerable in patients with HCV genotype-1 infection. The percentages of patients aged ≥65 years with cirrhosis who received IFN-based therapy and non-responders to IFN-based therapy were highest in those who received 24 weeks of DCV/ASV, probably because DCV/ASV is the first IFN-free regimen for the treatment of HCV infection. Chronic HCV infection has a profound negative impact on mental health disorders, including depression (17) (18) (19) (20) . To the best of our knowledge, this study is the first to evaluate the effects of different IFN-free DAA regimens on the psychometric properties of the BDI-II in Japanese patients with HCV genotype-1 infection. In the present study, the BDI-II scores decreased from baseline to the end of the 12-week DAA therapies. Younossi et al (5, 7, (21) (22) (23) have reported that 12 weeks of SOF/LDV therapy improve the health-related quality of life during treatment. Consistent with the findings of the present study, the use of SOF/LDV regimen has been reportedly associated with improved BDI-II scores both during and after treatment (24) . In contrast, in the present study, patients with depression treated with DCV/ASV for 24 weeks had higher BDI-II scores at week 4, but lower scores at week 12 than at pretreatment in spite of the rapid decline of serum HCV levels. Ichikawa et al (25) demonstrated that 24-week DAA treatment eliminated HCV-RNA and improved psychologic distress. Furthermore, the results of a recent study demonstrated that 24-week DAA treatment with DCV plus ASV did not affect mental component scores at either 12 or 24 weeks after treatment initiation (26) . The discrepancy in tolerability of 24-week DAA treatment may be explained in part by the fact that clinical profiles of patients differ between studies. The 24-week DAA treatment would have temporary negative effects by leading to the development of anxiety over a long term therapy but would have also provided positive effects in the long term by yielding clinical benefits following HCV eradication. These findings reinforce the notion that the 12-week regimen was effective and safe for patients with HCV genotype-1 infection, including those with depression. Nevertheless, there were several limitations to this study, including the small number of depressed patients with HCV infection and the relatively short follow-up period, which prevented evaluation of the effect on post treatment BDI-II scores.
Collectively, all four DAA regimens achieved similar high efficacy in Japanese patients with HCV genotype-1 infection. The 24-week DAA treatment had temporary negative impact on the mental health in patients with HCV infection. The BDI-II scores had significantly decreased following a 12-week regimen of SOF/LDV or EBR/GZR. Meanwhile, the tolerability was superior with the 12-week DAA regimes and allowed more patients to reach SVR sooner and with fewer side effects.
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